Air intake structures greatly affect the overall electromagnetic scattering response of real airborne targets. This has motivated the development of accurate and efficient methods to model the electromagnetic scattering of such structures. This paper summarizes the work done on several newly developed numerical techniques in the Temasek Laboratories at National University of Singapore (NUS) for electromagnetic scattering from large PEC cavities.
Introduction
Efficient modeling of electromagnetic scattering from open cavity structure is one of the most important and challenging topics in the research area of computational electromagnetics. As reviewed in [1] , many studies have been carried out for the analysis of the electromagnetic scattering from cavity structures for years. Several typical methods have been proposed to handle various cavity structures from different points of view and all the methods developed have different features. The study along this direction can help us to accurately characterize the effects of the cavity on the overall electromagnetic scattering response of real target. This has motivated the development of accurate and efficient methods to model the electromagnetic scattering of cavity structure. The purpose of this paper is to summarize the work done on several newly developed numerical techniques in the Temasek Laboratories at National University of Singapore (NUS) for electromagnetic scattering from large PEC cavity.
Equivalent Models and Integral Equations
To model the electromagnetic scattering from indented screens, Asvestas and Kleinman have developed a set of coupled integral equations using purely mathematical vector manipulation in conjunction with Maxwell's equations [2] . It has been claimed that the coupled integral equations are expected to be free of interior resonance, but it still remains to be shown [2] . Later on, the same set of coupled integral equations has been formulated using the equivalent current model, based on the image theory with perfect magnetic conductor (PMC) ground plane, for indented screens or open-ended cavity [3] . To firmly understand how the integral equations can be used to characterize and analyze the cavity problem, paper [3] has discussed the integral equation modeling of electromagnetic scattering from indented screens or cavity structure by three aspects: (1) derivation of the integral equations using physical model, which can be proved mathematically; (2) numerical verification of the integral equations by simulating the monostatic scattering from 3D rectangular cavity structures; (3) comparison of the numerical behaviour of the two integral equations, such as accuracy and convergence.
In-depth discussion on numerical verification, accuracy, and well-posedness of the coupled integral equations will facilitate understanding on how integral equations can be applied to the study of cavity problems [4] . Further development on these integral equations with fast algorithms results in robust solvers for modeling of large cavity structures.
Development and Extensions of the Field Iterative Method (FIM)
Three distinct phenomena are observed from the interior scattering of cavities: 1) induction of an aperture field by sources in the exterior region; 2) propagation of electromagnetic fields down the duct, "guided" by the walls; and 3) reflection at the termination end. Upon reflection, the fields propagate back towards the aperture, which are integrated to obtain scattered field. This basic understanding of interior scattering from large PEC cavity gave rise to the original field iterative method (FIM) proposed by Reuster and Thiele [5] . We have improved the original FIM through the use of an accurate equivalent model and fast algorithm, namely FAFFA-FIM, for modeling of large 2D and 3D PEC cavities [5] [6] [7] [8] [9] . With the effort on development of the FIM in conjunction of the FAFFA, we can simulate the electromagnetic scattering from large PEC cavity. The domain decomposition method [10] can be applied to further enhance the capability of the FIM to handle the real cavity structures.
Non-Overlapping Domain Decomposition Method (DDM)
A non-overlapping domain decomposition method is applied to solve surface integral equations for electromagnetic scattering from cavities [11] . This scheme allows the cavity to be divided into sub-domains and modeled on sub-domains sequentially or in parallel. Thus, the memory requirement and CPU time for modeling of large cavity structures can be dramatically reduced. Moreover, interior resonances are eliminated from this scheme, in contrast to that in the Generalized Network Formulation [12] .
Development of Fast Higher-Order FE-BI Code
The higher-order FE-BI method proposed by Jin and Liu et al is suitable for computation of the echo area of inhomogeneously-filled and arbitrarily-shaped cavity [13] - [17] . Through using the frontal solver, higher-order FE-BI method can efficiently handle the electromagnetic scattering from large and deep cavities. The successful development of the higher-order FE-BI code paves the way to investigate the electromagnetic scattering from more challenging cavities. It can help us to discover and observe the new phenomena of the interior electromagnetic scattering from various representative cavities. Reasonable numerical results obtained for some typical cavities validate and verify the implementation of the in-house code. With this in-house code, we can acquire in-depth understanding of the effect of the cavity shape and complex termination on the echo area, and find more physics of the scattering from cavity that will be helpful for real cavity design [18] .
Conclusion
Several techniques have been discussed for modeling electromagnetic scattering from large PEC cavity structure. Using equivalent current model to establish integral equations for modeling electromagnetic scattering from cavity is a good way to understand the physics of the problem solved. The FIM is a good method for modeling PEC cavity with large aperture. This method is based on the three distinct phenomena observed from the interior scattering of cavity. Combination of the FIM and DDM provides a possibility to handle monostatic scattering from large PEC cavity. The higher-order FE-BI method implemented using frontal solver is one of the most successful methods for modeling the monostatic scattering from cavity structures. All the methods developed in the Temasek Laboratories at NUS can be benchmarked each other to produce reliable codes for real cavity structure modeling and design.
